Abstract: The adherence of three Candida species to human buccal epithelial cells (BEC) following treatment with different concentrations of date extract was investigated in vitro, as well as the effect of a mouth rinse with date extract on the adhesion of yeast to BEC. Adhesion of C.albicans, C.tropicalis and C.kefyr to BEC was significantly reduced after both short-and long-term periods of yeast exposure to various concentrations of date extract (reduction between 25% and 52% of the control value). A similar inhibition of adherence was observed upon pre-incubation of BEC with date extract. There was a significant reduction (P∞0.001) in the adherence of yeast to BEC collected immediately or 5-20 min after an oral rinse with 10% date extract. No statistically significant difference was observed in the adhesion of BEC collected 30 min after an oral rinse with date extract and control BEC. In addition, pre-treatment of either Candida or BEC, or both, with date extract resulted in reduced adherence, the magnitude of which was largest when both types of cells were pre-treated. Date extract also inhibited germ-tube formation of C. albicans (56-85% inhibition), which might contribute to the effects on adherence.
Dates are regarded as high-energy food due to their sugar content (70-75%), protein (1.9-2.8%) and lipids (0.5-2.5%), on a dry weight basis (7) . They also contain vitamins (1.5-5 mg/100 g) and significant amounts of certain minerals such as iron and potassium (1.5-2.5%) (7) . Dates have been reported to have antibacterial effects, especially on the growth and spore germination of Bacillus subtilis (8) . Date extract was also found to inhibit the growth and cause extensive leakage of cytoplasmic contents from C. albicans (9) . Earlier studies showed that exposure of C. albicans to increasing concentrations of date extract led to drastic damage to the yeast, with cell lysis and concurrent leakage of cytoplasmic material and eventual cell death, as observed by scanning electron microscopy (10) . Furthermore, ultrastructural results showed irregular shapes with prominent effects on the cell walls. Loss of cell membrane integrity, aggregation of the cytoplasmic contents and detachment of plasmalemma from the cell wall were also observed (10) . Moreover, date extract has been found to inhibit the hemolytic activity of Cerastes cerastes and Leiurus quinquestriatus venoms, both in vivo and in vitro (11) .
The outermost layer of the C. albicans cell wall plays an important role in pathogenesis, mainly because it possesses macromolecules that adhere to host tissue (4) . In this study, we investigated the adhesion of Candida spp. to buccal epithelial cells (BEC) after exposure to various concentrations of aqueous date extract.
Material and methods

Organisms
Yeast species used were: C. albicans ATCC 10231, C. albicans JCC 1428, C.tropicalis JCC 1360 and C.kefyr JCC 1269. JCC are clinical strains obtained from the oral cavity of patients with denture stomatitis at Jordan University Hospital and identified as described previously (2) . Stock culture was maintained on Sabouraud's dextrose agar (SDA) medium (Difco Laboratories, Detroit, MI, USA), stored at 4aeC and subcultured routinely.
Preparation of date extract
Berhi date, Phoenix dactylifera, was used in its ripe stage. Brainheart infusion (BHI) medium containing 5, 10 and 20% (w/v) date extract was prepared as follows: 50, 100 and 200 g amounts of date were suspended in 500 ml sterile distilled water for 24 h, and then homogenized in a Waring blender at maximum speed. The homogenized extracts were filtered through a double layer of cheesecloth. 
Effect of treating BECs with date extract
Buccal epithelial cells were collected as described above and suspended in 8 ml of HBSS. This cell suspension was divided into four equal samples of 2 ml. One sample was then exposed, for 5 min, to increasing concentrations of date extract (0.0, 5, 10 and 20% (w/v)).
Cells were washed twice and suspended in HBSS buffer. Date extract-treated BECs were then tested for their adherence abilities following standardization (2¿10 5 BEC/ml).
The effect of a mouth rinse with date extract on the adherence of yeast cells was studied using the method described previously (12, 13) . Buccal epithelial cells were collected from healthy adult males by gently rubbing the left cheek (control cells) with a sterile tongue depressor, and then agitated in 5 ml HBSS. The same individuals had rinsed their mouth with 5 ml 10% (w/v) date extract for 5 min, followed once by a 5 ml tap water rinse. Thereafter, BECs were immediately collected from the right cheek (test cells) and suspended in 5 ml HBSS buffer. The experiment was repeated on separate days, but for different rinsing periods (10, 20 and 30 min).
In contrast, mouth rinsing was done using different concentrations of dates, 5, 10 and 20% (w/v), but for 1 min, followed by a tap-water rinse for 5 s. Then BECs were collected and assayed for adherence.
Effect of pre-treatment of yeast and BEC with date extract
Cells of exponentially growing C. albicans JCC 1428 and freshly collected BEC were suspended separately at 1¿10 7 and 2¿10 
Candidal adhesion assay
The candidal adhesion assay was conducted as described by AbuElteen et al. (14) . Briefly, a mixture of equal volumes of BEC (2¿10 
Statistical analysis
Student's t-test was used to evaluate the differences in the adherence values. A P value of ∞0.05 was considered to be significant. The percentage reduction in candidal adherence was calculated as follows:
% reduction in candidal adherenceϭ
where A c ϭmean number of yeasts adherent to 100 BECs prepared for control cells, and A t ϭmean number of yeasts adherent to 100
BECs prepared for treated cells. 
Results
The effects of pre-incubating Candida spp. for a short (60 min) or a long (24 h) period in the presence of various concentrations of date extract on adherence to BEC is shown in Table 1 The effect of pre-incubating BEC in vitro in various concen- trations of date extract on adherence to C. albicans JCC 1428 is shown in Table 2 . Pre-incubation of BEC with increasing concentrations of date extract for 5 min resulted in a significant reduction (P∞0.001) of adherence of C. albicans to BEC. This reduction was concentration-dependent, since higher concentrations resulted in higher adherence blockage (between 35% to 46% reduction as compared with control value).
The effect of a mouth rinse with various concentrations of date extract on the adherence of C. albicans to BEC is shown in Table 3 .
A significant reduction (27-42%) in yeast adherence to BEC was observed with an increase in the concentration of date extract used for the mouth rinse.
The adherence of C. albicans to BEC, collected immediately, 5, 10 or 20 min after an oral rinse with 10% (w/v) date extract, was significantly reduced (P∞0.05) ( Table 4) . Delay of 30 min in collection of BEC after a rinse with date extract resulted in an increase in yeast adhesion with no significant difference (P±0.05) as compared to the control.
The effects of pre-treatment of yeast and buccal cells for 30 min with 10% (w/v) date extract before assay are presented in Table 5 .
A reduction in adherence can be achieved by pre-treatment of either partner. When yeast cells alone were pre-treated, a 23% reduction in adherence was achieved, while 25% was achieved when BECs were pre-treated. However, 38% reduction in adherence was obtained when both types of cells, yeast cells and BECs, were pretreated at the same time. The results shown in Fig. 1 demonstrate that germ-tube formation was significantly suppressed when C. albicans was incubated for 24 h in the presence of increasing concentrations of date extract. Dates are regarded as high-energy food due to their sugar content, which includes glucose, galactose, sucrose, fructose, arabinose and rhamnose (7) . Sucrose constitutes 60-80% of the total sugar at the ripe stage (7). Dates also contain significant amounts of pectin and certain minerals such as iron and potassium. Earlier studies have shown that maltose, sucrose, lactose, cellobiose and trehalose are highly effective in inhibiting the adherence of C. albicans to epithelial cells (6, 29) . McCourtie & Douglas (16, 30) found that C.
albicans grown on 500 mM galactose adhered to acrylic surfaces at a maximal linear rate throughout an incubation period of 1 h, whereas non-linear adhesion rates were observed with cells grown on 500 mM sucrose, 50 mM glucose, or 50 mM galactose. Similar results were reported by others and showed that the most effective sugar was maltose and the least effective was glucose (31) . In these studies it was noted that adhesion of yeast cells was directly proportional to the sugar concentration.
In conclusion, these experiments demonstrate that date extract interferes with the adherence of Candida to BEC in vitro. Purification of the active ingredients against candidal adhesion is in progress. The combined anti-candidal and anti-adhesion properties of date extract suggest that it could be useful to consider the use of date extract as an effective measure in the treatment of Candidainduced denture stomatitis.
